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The effect of middle-age body weight and physical activity on the risk of early revision hip arthroplasty: A cohort study of 1,535 individuals Background Overweight and a high level of physical activity are known risk factors for loosening of a total hip arthroplasty (THA) due to primary osteoarthritis. We wanted to investigate how these factors, together with age and sex, affect the risk of revision surgery. Patients and methods We matched data from the Norwegian Arthroplasty Register with information on risk factors collected at a cardiovascular screening. We identified 1,535 primary THAs in the screened cohort (930 cemented implants using well-documented cement). Of the participants included, 969 were female. Mean age at screening was 49 years, at primary THA 63 years, and 69 years at the end of follow-up. We used Cox regression analysis to estimate relative risks (RRs). Event was defined as implant revision due to aseptic loosening of cup, stem or both. Follow-up was time from primary THA to event or censoring.
Results Men were at greater risk than women of loosening of the femoral stem (RR 2.0, 95% CI 1.3-3.2). Both men and women with upper-quartile body weight were at increased risk of revision due to loosening of the stem (RR 2.5 and 2.7, respectively). Men with a high level of physical activity during leisure time were at increased risk of revision due to loosening of the cup (RR 4.8, 95% CI 1.3-18). In the multivariate model with adjustment for activity, there was little association between age at primary THA and risk of revision due to loosening.
Interpretation We found that body weight and physical activity recorded long before THA affected the survival of total hip arthroplasties. Controlling for these variables weakened the association between age at primary surgery and aseptic loosening. Men had an increased risk of loosening of the femoral stem, also after controlling for lifestyle factors.
■
Investigators have consistently reported survival rates of more than 90% for total hip arthroplasties (THA) at 10 years. Long-term follow-up has shown survival at 25 years to be 81% (Berry et al. 2002) , and 55-68% at ~30 years (Wroblewski et al. 2002 , Callaghan et al. 2004 . Important reasons for implant revision are aseptic loosening, dislocation, pain, infection, osteolysis, and implant wear (Havelin et al. 2000) . Clinical investigations have indicated that aseptic loosening of the acetabular cup is closely linked to polyethylene wear (Oparaugo et al. 2001) , which may be more affected by the number of motion cycles than by the magnitude of load (Schmalzried and Callaghan 1999) . Conversely, the cemented stem may be affected only minimally by smaller loads, whereas heavy loads can cause debonding and fractures at the cementmetal interface (O'Connor et al. 1996 , Race et al. 2003 .
We investigated the association between physical activity and body mass index in middle age, and later revision hip arthroplasty due to aseptic loosening of the cup or stem. Assuming that these risk factors do not change to any great extent from before to after primary hip surgery, we also wanted to determine whether activity and weight influence the loosening of acetabular and femoral components in different ways.
Patients and methods

Data registers
The Norwegian Arthroplasty Register (NAR) was started in 1987 (Havelin et al. 1993) . Reporting to the register increased throughout the first 2 years, and since 1989, 97% of all primary total hip arthroplasties and revision hip arthroplasties in Norway have been recorded (Havelin et al. 2000) . The form used for reporting to the Register was modified slightly in 1993, but both versions of the form recorded the type of implant and type of fixation. In the register, a revision is defined as surgery involving the removal or exchange of any or all parts of a total hip arthroplasty. For the present study, we identified participants who had undergone a THA for any reason before January 1, 2001. Primary hip surgery performed before the start of the Norwegian Arthroplasty Register could only be identified in participants with revision hip surgery performed after the start of the register (as the registration form used at revision also contained information concerning primary surgery).
We matched the data on hip surgery with screening data collected by the National Health Screening Service (now the Norwegian Institute of Public Health). During 1977 During -1983 , the service screened the inhabitants of 3 Norwegian counties who were born between 1925 and 1942 for risk factors in cardiovascular disease (National Health Screening Service 1988). Specially trained screening nurses measured body height and weight. They also checked a questionnaire that the participants had received along with the screening invitation, which included questions on physical activity at work and during leisure (Saltin and Grimby 1968) , and smoking habits.
Of 56,818 individuals invited, to the cardiovascular screening, 52,143 (92%) attended . We also included data from the Norwegian Registry of Vital Statistics on marital status, death, and emigration.
Study group
We identified 1,535 participants (969 females) who had received a THA before the end of follow-up (Table 1 ). Of these, 798 patients (52%) had valid data on all covariates while 1,489 patients (97%) had valid data on both anthropometry and physical activity. In the study group 121 participants died with an unrevised THA during follow-up. During follow-up, 165 participants were revised for aseptic loosening (49 for cup, 59 for stem, and 57 for both). 13 of these patients underwent revision for infection, 6 for dislocation, 2 for fracture, 3 for pain, and 9 for other indications. Of the 165 revisions for aseptic loosening, 93 involved female patients. Of the participants who were revised, 90 had their primary hip surgery fully documented in the NAR, while the other 75 underwent THA before the NAR started, and information on their primary hip surgery was recorded at the revision. Mean age at screening was 49 years. Mean age at primary operation for all participants was 63 years, and for patients who were eventually revised it was 57 years. Of the participants included, 1,025 (67%) had undergone THA due to primary osteoarthritis. Other indications for primary hip surgery were sequelae of hip dysplasia with or without dislocation (159), or of a hip fracture (147), and rheumatoid arthritis (48). The indication for THA was not available in 113 (7.4%) of the participants.
Statistics
Simple survival was computed using the KaplanMeier method. We used the Cox proportional hazard regression model to compute hazard ratios, estimating relative risks. Analyses were performed defining "event" as revision for aseptic loosening of cup or stem, or both. Censoring occurred at death, end of follow-up, or revision for indications other than aseptic loosening. In the Cox analysis, time was measured as years from primary THA to event or censoring. We included the same covariates in the model as we have previously studied in relation to primary osteoarthritis requiring total hip replacement (Flugsrud et al. , 2003 . Logminus-log survival curves for each of the risk factors under investigation confirmed the proportional hazards assumption of the Cox model. Data were analyzed using SPSS version 12.0 software. Age at primary THA was used as a continuous variable, except in specified analyses where it was categorized according to quartiles. For some analyses the study group was divided according to age at primary THA, with cut-off at 60 years (men) or 55 years (women). Body weight and height, and body mass index (BMI) were categorized according to quartiles. When specifically stated, weight rather than BMI was included in the model. Otherwise, BMI is used in the regression model rather than body weight. Physical activity at work and during leisure were independently classified as sedentary, moderate, intermediate or intensive; participants were asked to choose the alternatives that best described their level of activity during the 12 months that preceded screening . Due to small numbers in the group with most intensive physical activity during leisure (8 men and no women), intermediate and intensive physical activity during leisure were analyzed as one group. Smoking habits were classified as current smoker, ex-smoker, or never smoker. Marital status was classified as unmarried, married, widow, divorced, or separated. At primary THA only one diagnosis was recorded in the National Arthroplasty Register, but at revision surgery one or more indications for surgery could be given.
Based on previous publications from the Norwegian Arthroplasty Register, the prosthetic implant used at primary hip surgery was classified as Cemented -good cement (Havelin et al. 1995a ); Cemented -inferior cement (Havelin et al. 1995a ; Hybrid: cementless HA or porous-coated cup with cemented stem, good cement; Uncemented implant with hydroxyapatite or porous coating (Havelin et al. 1995b ); Uncemented without hydroxyapatite or porous coating; or Expired.
Approval for the study was obtained from the Norwegian Board of Health, the Data Inspectorate, and the Regional Committee on Ethics in Medical Research.
Results
Age at screening, at THA and at event/censoring were similar between men and women ( Table 1) . The group of revised participants had a lower mean age at THA (56 years) than the unrevised participants (63 years). As most censorings occurred at end of follow-up, mean age at censoring (unrevised cases) was somewhat higher than at event (revised cases). The median time from screening to primary THA was 15 years, and in 95% of cases more than 6 years had elapsed between screening and THA. Survival to revision for any indication at 10 years for all THAs implanted after the Arthroplasty Register started was 82% (95% CI 78-86). 10-year survival of cemented implants using good cement, to revision due to aseptic loosening of cup or stem or both, was 88% (95% CI 84-93).
Age and sex
Comparing sexes, in the multivariate analysis men had twice the risk of revision due to aseptic loosening of the stem (RR 2.0, 95% CI 1.3-3.2). There was no significant difference for the cup (RR 1.3, 95% CI 0.8-2.3). There was no significant association between age and the risk of revision in men after adjusting for covariates (Table 2) , but women had a 28% reduced risk of revision due to a loose cup for every 5 years of increase in age at primary THA (Table 3) . Categorizing age at THA into age groups did not alter the results of the analyses (data not shown).
Body weight and height, and BMI
Both men and women in the highest quartile of body weight were at increased risk of stem loosening (Tables 2 and 3 ). In men the increase in risk from lowest to highest quartile of body weight suggested a dose-response relationship between body weight and stem revision, but the test for trend was not significant (p = 0.2). The association was less regular in women. Stratification according to age did not change this impression (data not shown). In women the estimated relative risk increased with increasing BMI, but the results did not reach significance for any of the endpoints investigated. No association between BMI and revision risk could be seen among men. Men who were 1.75-1.80 m tall had an increased risk of stem revision relative to those shorter than 1.72 m. Our results did not indicate a dose-response relationship, and the finding may have been spurious.
Physical activity
Men with intermediate or intensive physical activity during leisure had a fourfold increase in risk of revision for aseptic loosening of the cup, compared to men with sedentary activity during leisure (Table  2 ). In this analysis the test for trend was positive (p = 0.04), indicating a dose-response relationship.
The association was similar when we restricted the study group to participants with records of both primary and revision hip surgery in the NAR (1,433 participants with 54 events), though the test for trend did not reach significance (p = 0.05). Separate analyses of men with age at THA that was (1) greater or equal to, or (2) less than 60 years showed the same association for both groups. No association between physical activity during leisure and revision could be seen in women. Women appeared to have less risk of revision the more physically demanding they reported their work to be at the screening. This was most prominent in women who were over 55 at primary THA. The same tendency could seen to a lesser degree in men, irrespective of age at THA.
Marital status and smoking habits
No consistent association was found between these parameters and the risk of later revision surgery (data not shown).
Primary implant and method of fixation
Of the 1,535 implants investigated, 930 were cemented using well-documented cement, 284 were cementless, and 174 were cemented with inferior cement. It was essential to control for primary implant, otherwise the analyses grossly overestimated the effect of age at THA-as inferior implants were mainly used in younger patients. Subanalysis including only participants who received a cemented primary implant with good cement generally gave the same impression as analysis of the whole study group. There were too Table 2 few participants with other implants to make comparisons of implants meaningful.
Indication for primary THA
Controlling for the indication for primary hip surgery in the Cox model did not strengthen the model, and had no effect on the results.
Discussion
We found that high weight at middle age was associated with revision for aseptic loosening of the femoral stem in both sexes. A high level of physical activity entailed an increased risk of revision due to aseptic loosening of the acetabular cup in men. Even after controlling for anthropometry and physical activity at middle age, we found that men had a higher risk of revision due to aseptic loosening of the femoral stem than women, and that the risk of revision due to cup loosening in women decreased with increasing age at primary THA.
Validation of questionnaire
The questions concerning physical activity were introduced in Sweden (Saltin and Grimby 1968) , and similar questions were used in the World Health Organization study Monitoring of Trends and Determinants in Cardiovascular Disease (Stender et al. 1993 ). Both questions have been validated against maximum oxygen uptake during exertion (Wilhelmsen et al. 1976) . The question concerning physical activity during work has been validated against a 7-day diary (Stender et al. 1991) , and the question concerning leisure activity has been validated against maximum work capacity (Løchen and Rasmussen 1992).
Strengths of the study
The present investigation was strengthened by the prospective gathering of data and the high attendance at screening. A comparison of the Norwegian Arthroplasty Register (NAR) with the Norwegian Patient Register showed a completeness of registration in the NAR during 1999-2002 of 97% for primary hip arthroplasty. In the same interval, more exchange revision procedures were recorded in the NAR than in the Patient Register (Espehaug et al. 2006) . Comparing the NAR with the records from 1987-2003 of one (very dedicated) hospital showed that 0.2% of primary arthroplasties and 1.2% of revisions had not been recorded in the NAR (Arthursson et al. 2005) .
Weaknesses of the study
The inclusion algorithm allowed the inclusion of some participants for whom only revision (and not primary THA) had been recorded in the NAR. This meant that participants for whom primary hip surgery had been performed before the start of the NAR were only included if they had been revised later. We were thus unable to include screened participants who underwent THA before NAR started, and who did not have revision surgery after January 1, 1987. Redoing all the analyses on a study group restricted to those with primary operation after start-up of NAR did not give any significant results, but the patterns were largely the same as in the total study group. We were mainly interested in the exposure to risk factors after primary THA, but our exposure data were all recorded before primary hip surgery. This is discussed in greater detail below, for each risk factor. We did not assess the immediate postoperative results, and could not evaluate whether, for example, there was a preponderance of inferior surgery in patients with high body weight that could have influenced revision rates. Obese people profit as much from joint replacements as others do (Stickles et al. 2001) , and the prevalence of improper cup positioning has been as low among obese patients as among patients of normal weight (Paterno et al. 1997) .
The still somewhat young age of the study group at the end of follow-up represents a weakness in that there will be many instances of both primary and revision surgery in the screened cohort after the end of follow-up. Stratifying the analyses according to age at primary THA had little effect on the results.
It is not obvious that different hip implants and different methods of fixation entail the same risk factors for revision. Cemented implants using good cement had been used in 61% of all participants, but only in 22% of the participants who underwent revision due to aseptic loosening during follow-up. Restricting the analyses to participants with THA using good cement showed the same pattern as when analyzing the whole study group, but it was less distinct due to few endpoints. The number of participants in our study group with other kinds of THA was too low to allow one to discern possible differences in revision risk. Due to the many different implants employed, we could not control for implant size in a standardized way.
Age and sex
We found an inverse relationship between age at THA and risk of revision for cup loosening in women. Otherwise, there was no association between age at THA and later revision for aseptic loosening. An investigation of 2,000 Charnley hip arthroplasties that had been followed for 25 years showed a significant increase in implant survival with increasing age at THA (Berry et al. 2002) . The effect was most pronounced for the cups. The Swedish Arthroplasty Register reported better survival with increasing age at THA for cemented arthroplasties (Swedish National Hip Arthroplasty register. Annual Report 2004). Neither of these investigations included information on physical activity or anthropometry. Our relatively short observation time after THA, and narrow age-span at THA, may have reduced the sensitivity to an effect of age at THA. It is, however, probable that the negative effect of young age found by other authors was influenced by higher activity levels among younger patients.
After controlling for anthropometry, physical activity, primary diagnosis and type of implant, we found men to be at increased risk of revision due to aseptic stem loosening compared to women. In The Swedish National Hip Arthroplasty Register, it was found that men with cemented prostheses were at increased risk, except in patients who were younger than 50 years at THA (2004). It is conceivable that more detailed knowledge about the amount and kind of physical activity (and other lifestyle factors) would have reduced the difference in risk between men and women. Even so, the possibility remains that biological gender differences have also put men at a greater risk of aseptic loosening of a hip arthroplasty.
Body weight, height, and BMI
Both men and women in the highest weight quartile had more than double the risk of aseptic stem loosening than those in the lowest weight quartiles.
A longitudinal investigation in the Norwegian city of Tromsø that measured BMI repeatedly found that men aged 45-49 years had a mean BMI of 24.6 kg/m 2 , which had increased to 25.7 kg/m 2 20 years later. Women aged 45-49 years had a mean BMI at inclusion of 24.3 kg/m 2 , which had increased to 26.0 kg/m 2 15 years later (Jacobsen et al. 2001) . One study of patients undergoing primary hip arthroplasty found no difference in body weight from before to after surgery (Utvoll et al. 2002) . It therefore seems that in our population, BMI at screening was a good predictor of BMI after hip surgery, but that during this time the population had a mean increase in BMI of 1-2 kg/m 2 .
In our investigation we found no evidence of an association between BMI at middle age and later risk of revision. A follow-up study of 426 primary Charnley hip arthroplasties found revisions after 10 years to be more frequent among patients with a BMI of greater than 25 kg/m 2 , apparently measured at the latest follow-up (Fuchs and Wieder 2000) . The authors reported an overall 10-year survival of only 78%, however, and their results may not be generally applicable. Our results are in accordance with a case-control study that measured participants' anthropometrics at the time of admission for prosthetic revision surgery, in which they found no association between BMI and revision risk (Wendelboe et al. 2003 ). It appears that while the strains on a hip implant-and thus the risk of stem revision-increase with body weight, it does not matter whether the body mass is spread thinly out on a long body, or packed densely on a short one.
Physical activity at work
We found no significant associations between physical activity at work and risk of revision for loosening, but the data suggest a lower revision risk the more physically demanding work the participant reported at screening. A previous report found patients with THAs who returned to heavy work to be at increased risk of revision (Kilgus et al. 1991) , and it is difficult to see how strenuous work in the fifth decade of life should protect against aseptic loosening of a THA implanted later. One possible explanation is that the Norwegian public sick-leave pension provides adequately for patients who leave work. Most patients with heavy physical labor probably stop working permanently after their hip arthroplasty. There may thus be a weak-or even inverse-relationship between physical activity at work at screening and after primary hip surgery in our study group. There were no data available to allow us to verify this relationship.
Physical activity during leisure
We found that a high level of physical activity during leisure at an average age of 42 years was a predictor of early revision for loosening of the cup, particularly among men. There appeared to be a dose-response relationship, but the confidence intervals were wide. This can best be explained if the level of physical activity during leisure as recorded at screening correlates with the activity level after primary THA. In a case-control investigation, participants were asked whether they were doing regular exercise before and after THA. Of 261 who exercised before THA, 167 also did so after surgery, while of 193 who did not exercise before THA, only 65 had started regular exercise after THA (p < 0.001) (Espehaug, personal communication 2004) . In an investigation of 194 THA patients describing participation in 5 specific sports activities before and after total hip arthroplasty, 87% of the answers indicated unchanged participation, 10% indicated increased and 3% indicated decreased participation (Ritter and Meding 1987) . These findings substantiate the assumption that there was a high correlation in our study group between the level of physical leisure activity the participants reported at the screening, and the amount of physical exercise they were performing after THA.
Our findings lend support to the hypothesis that physical activity after THA increases the risk of aseptic cup loosening in vivo. The fact that physical activity during leisure did not increase the risk of loosening of the stem may indicate that the alternatives used to describe leisure activity were more sensitive to the number of hip motion cycles irrespective of load, than to the number of episodes with high hip load.
To summarize, we found that body weight and physical activity affect the survival of total hip arthroplasties. Controlling for these variables weakened the association between age at primary surgery and aseptic loosening. Men were at increased risk of loosening of the femoral stem, also after controlling for lifestyle factors. The unequal impact of body weight and physical activity on cup and stem loosening that we have found here is in keeping with separate mechanisms of loosening (Harris 1994) .
